Background. The outbreak of microcephaly between 2015 and 2017 in Brazil created an international public health emergency. Aim. This study sought to evaluate the chronology, sequence of eruption, and the presence of anomalies amongst children with microcephaly compared with normoreactive children. Design. A comparative study of 108 children aged 0-2 years attending public services was conducted. The microcephaly group (MG; n = 54) and the nonmicrocephaly group (NMG; n = 54) were matched by age, gender, and family income at a 1 : 1 ratio. Erupted teeth and the presence of anomalies were evaluated and compared. Chisquare tests, Pearson's correlations, Fisher's exact tests, and Student's t-tests were applied (a = 0.05).
Introduction
Congenital microcephaly refers to cephalic perimeter measurements lower than expected for one's gestational age and gender. This measurement reflects intracranial brain volume because the growth of the skull is caused by the expansion of the developing brain 1 . Microcephaly in newborns can have several causes such genetic aetiologies (autosomal recessive and dominant autosomal microcephaly, Alagille's syndrome, Noonan's syndrome, and Down's syndrome amongst others), severe malnutrition amongst pregnant woman, and infections during pregnancy, such as those by Zika virus (ZIKV), syphilis, toxoplasmosis, or other teratogens 2 .
By the end of 2015, a significant increase was observed in the number of newborns with microcephaly in Northeast Brazil. This event was characterized as an outbreak that lasted from November 2015 to May 2017. This situation was declared an international public health emergency. This outbreak was attributed to maternal infection via ZIKV during gestation 1, 2 . Zika virus (ZIKV) is an arbovirus belonging to the family Flaviviridae, which includes dengue virus, yellow fever, and West Nile virus. ZIKV causes an infection that is characterized by rash, itchy skin, low-grade fever, nonpurulent conjunctivitis, headache, arthralgia, and myalgia. According to the few available studies, these signs and symptoms are perceived in only 20% of infected persons, whereas the other infected individuals have asymptomatic disease 2, 3 . Transmission occurs through the bite of infected Aedes mosquitoes, mainly of the species Aedes aegypti, by sexual activity or vertically when a pregnant woman is infected. Contagion can also occur through blood transfusion. Despite the identification of ZIKV in bodily fluids such as urine, breast milk, saliva, and semen, it has been found that there is no potential for transmission through these pathways; the practical effect of this presentation is restricted to diagnostic purposes 4 . Diagnosis of ZIKV infection may be based on the detection of Zika-positive IgM antibodies, through cross-reaction with other flaviviruses, and on the detection of viral RNA through RT-PCR (reverse transcriptase reaction followed by polymerase chain reaction) during the acute period of infection can occur 5 . Although ZIKV is considered a self-limiting infection, it is possible to develop complications due to the intense neurotropism of this virus. The most well-known complication of ZIKV infection is through a congenital syndrome that affects the foetuses of infected pregnant women. This syndrome is characterized mainly by microcephaly and other alterations in the central nervous system, in addition to visual, auditory, and motor impairments. In adults, severe neurological sequelae, such as meningitis, meningoencephalitis, and Guillain-Barr e syndrome, have also been described 6, 7 . ZIKV infections in pregnancy are important causes of foetal and neonatal morbidity and mortality. The involvement of the foetus can occur either through direct transmission of the virus or indirectly as a consequence of the maternal infection, which can result in restricted intrauterine growth, abortion, or premature birth 8 .
The current knowledge about the consequences of ZIKV infection for babies that are infected during pregnancy is insufficient. Taking into account that this virus has a nervous tissue tropism, that the dental blade is formed from cells that originate from the neural crest, and that infections at the beginning of gestation may have especially serious repercussions for the baby, additional studies are needed to evaluate the dental alterations that occur in patients with congenital Zika virus syndrome (CZVS).
The diagnosis of infants with microcephaly born during the early stages of the ZIKV outbreak in Brazil was greatly compromised by the then limitations in the accuracy of the examinations that sought to identify the virus and its availability in the public health network. Specific tests needed to be performed on the mother during the acute phase of the disease. These tests, however, only began after the relationship between ZIKV and microcephaly was discovered. This finding occurred after childbirth (i.e., after the viremia phase). Thus, many children who were born at that time and presented with microcephaly and other neurological impairments remained classified as having congenital Zika virus syndrome.
Given the observation of the dental changes in these children, this study aimed to evaluate the chronology and sequence of the eruption and presence of dental anomalies in the primary teeth of children with microcephaly and compare them with those of normoreactive children.
Materials and methods

Ethical issues
This study was approved by the Research Ethics Committee of the Faculty of Medical Sciences of Para ıba -FCM/PB, João Pessoa, Para ıba, Brazil (# 5178) (CAAE 57066416.0.0000.5178 -Opinion 1,727,322). All of the criteria described in Resolution 466/12 of the National Health Council (CNS) and the ethical aspects set forth in the Statute of Children and Adolescents were respected. The individuals responsible for the children in either group signed a declaration of free and informed consent (TCLE) to participate in the study.
Eligibility criteria
The children in the MG were selected from a reference rehabilitation centre. This group was composed of children with microcephaly and other neurological abnormalities between 0 and 2 years old. Children without systemic diseases but a demographic profile (gender and age) similar to the MG were randomly selected from the public childcare service to comprise the NMG.
This research conducted a comparative study to avoid the bias of inadequate comparisons across different socio-geographic populations. Thus, the two groups were selected from the public services of the same state (qualifying the sample with regard to similar social profiles), matched by gender and age. Not all participants were recruited from the same site because children with microcephaly receive care at specialized reference centres for people with disabilities.
Sample characteristics and study design
An observational, descriptive, comparative, mixed-method study was conducted through clinical oral examinations. The MG was examined at the Integrated Centre for the Support of People with Disabilities (FUNAD), a reference centre in Para ıba, Brazil, providing habilitation and rehabilitation services for people with physical, intellectual, visual, and auditory impairments through multidisciplinary follow-up assessments. The NMG was examined at the Basic Units of Health (BUH) of Cuit e de Mamanguape and Guarabira, Para ıba. The follow-up assessments were performed between September 2016 and September 2017.
At the FUNAD Physical Rehabilitation Centre (CODAFI), individuals with microcephaly are followed for the development of responses to early stimulation. A total of 71 children were registered. Of these, 56 were in multidisciplinary care, two died, one was remote due to health problems that compromised the patient's physical rehabilitation, five abandoned the treatment, and seven were transferred to other services. Of the 56 children who were retained for follow-up evaluation, two did not participate in this research. This study included children with microcephaly, other neurological abnormalities, or both. The final study sample consisted of 54 children with microcephaly aged 6 months to 2 years. The two groups were matched by age and sex at a ratio of 1 : 1.
Data collection
During the 12-month study period, 48 visits to FUNAD occurred (one visit per week, totalling four visits per month). Regarding the NMG data collection, eight visits occurred on childcare days at the BUHs of the municipalities. During the first contact with each participant, the study was presented, the TCLE was signed, and an interview to collect demographic data and a clinical evaluation was performed. Figure 1 shows the methodological flow chart of the study.
A single researcher (RMPS) performed the interviews and clinical examinations. The data collection was observational. The variables included for the MG were age, weight, height, neurological alterations in imaging, behavioural, and functional changes.
The weight of each participant was evaluated using the follow-up chart proposed by the Brazilian Ministry of Health in the Child Health Booklet 9 and classified as adequate weight, low weight, very low weight, or high weight.
Dental aspects such as elements erupted at the moment of the examination, the presence/absence of dental anomalies, and the types of anomalies and elements involved were evaluated for both groups.
The dental anomalies were recorded according to Neville et al. 10 and were divided into changes in crown shape (twinning, fusion, accessory cuspids and, invaginated tooth), changes in size (micro-and macrodontia), and number of changes (anodontia, hypodontia/oligodontia, and hyperdontia/supernumerary teeth).
To classify enamel defects, the Index of Developmental Defects of Dental Enamel (DDE Index) was used. This index classifies enamel defects in terms of opacity (a qualitative defect of the enamel characterized by changes in translucency) or hypoplasia (a quantitative defect with reduction in the enamel thickness) 11 . The examinations were performed under direct visualization with natural light. Only alterations whose diagnosis was possible through clinical examination, without the need for complementary tests, were
Dentition in microcephaly in Northeast Brazil 525 considered. Depending on the child's degree of cooperation, the child was placed in the lap of the caretaker, with his or her head resting on the examiner's lap (knee-knee position) or placed on a bed and immobilized by the person conducting the examination. The dental characteristics (dental elements present, delayed eruption and/or alteration in the eruption sequence, dental anomalies, enamel defects, orofacial alterations, and selfinjury lesions) of both groups were used for comparison. The table proposed by Logan and Kronfield (1933) and modified by Lunt and Law 12 was used to compare the sequence and chronology of tooth eruption (Table 1) .
Statistical analysis
Initially, descriptive statistical analysis was conducted to characterize the sample. Absolute and percentage frequencies were calculated for the categorical variables, and measures of central tendency and variability were computed for the quantitative variables. Assumptions of data normality and homogeneity of variance were tested using the Kolmogorov-Smirnov and Levene tests, respectively 13 . The homogeneity of both groups with respect to gender and age was then determined to validate subsequent comparisons in relation to the other characteristics studied (i.e., the occurrence of changes in the dental eruption sequence and other oral changes).
In the intergroup evaluation, proportional difference analysis (Pearson's chi-square test or Fisher's exact test when appropriate) was used for the categorical variables, and Student's t-test was used for continuous quantitative variables. In addition, conditional logistic regression analysis was performed to determine the magnitude of the associations between the variables studied. Variables with P-values ≤0.20 in the univariate analysis or that were considered epidemiological . Gross odds ratios (ORs) were estimated in the univariate analysis, and the adjusted OR was calculated in the multivariate analysis, controlling for the effects of confounding factors such as gender and age. The level of significance was set at P < 0.05. All analyses were conducted using IBM SPSS version 20.0 (IBM â , Armonk, New York, USA) and considering a 95% confidence interval.
Results Table 2 shows the distribution of both groups with respect to gender and age. Homogeneity was observed in relation to both gender (P = 0.560) and age (P = 0.529). The majority of the sample was male (n = 61, 56.5%), and the mean age was 16.06 months (SD = 5.57).
The mean cephalic perimeter at birth was 29.9 (AE2.2; female = 30.2 [AE2.6], male = 29.6 [AE1.7]). With respect to weight, 77.7% (n = 42) of the infants with microcephaly fell within the age-appropriate weight range; 14.81% (n = 8) were of very low weight, 5.55% (n = 3) were of low weight, and 1.8% (n = 1) were of high weight. Thus, most of the children in this study were within the weight ranges considered as appropriate for their age by the Brazilian Ministry of Health 9 . Figure 2 shows the changes observed in the encephalic images obtained by computed tomography and magnetic resonance imaging examination of 31 children. The most prevalent alterations were intracranial calcification (indicative of congenital infection), followed by ventriculomegaly and hydrocephalus.
The most prevalent behavioural and functional changes present amongst the children with microcephaly in this study are shown in Fig. 3 ; they include delays in neuropsychomotor development (NPMD) resulting from extensive neurological damage. Amongst the behavioural changes observed were hyperexcitability, irritability, and aggressiveness. Hyperexcitability and irritability were more common in the first months of life and diminished or disappeared with growth. Dysphagia, gastroesophageal reflux, speechlanguage immaturity, and lack of age-appropriate coordination of sucking, swallowing, chewing, and breathing were also observed. Table 3 shows the results of the comparative analysis of the two groups with respect to the occurrence of alterations in the sequence of dental eruption and other oral alterations. The incidences of changes in the eruption sequence, opacity, self-injury, and delayed eruption were significantly higher in the MG than the NMG (P < 0.05). A total of 47 children in the MG showed alterations in sequence, change in shape, opacity, and hypoplasia, whereas seven did not present with any erupted dental element at the age examined.
Amongst the children with microcephaly, one case (1.8%) showed a cleft lip and palate in addition to a considerable incidence of bruxism (n = 11, 20.3%). Table 4 shows the results of conditional logistic regression analysis of the magnitude of the association between microcephaly and changes in dental sequence, eruption, and opacity. Based on the adjusted model, the MG was more likely to exhibit changes in tooth eruption sequence (OR = 12.23, 95% CIs = 3.25-46.03, P < 0.001), delayed eruption (OR = 23.12; 95% CIs = 7.09-75.40, P < 0.001), and opacity (n = 12.19, 95% CIs = 1.44-103.28, P = 0.022) than children in the NMG.
Discussion
Between November 2015 and May 2017, 13,719 suspected cases of changes in growth System of Live Births of the Ministry of Health. These authors concluded that prior to outbreak, notification of these cases was not compulsory, and professionals reported only cases of neonates with typical severe phenotypes. Thus, although the number of microcephaly cases actually increased between 2015 and 2017, these authors stated that it is necessary to determine whether this observation is a normal anthropometric variation or evidence of numerous neurological diseases 17 . This study observed that an association exists between the behavioural and functional changes in participants that characterize a neurological disease as well as anthropometric variance in cephalic measurements. The most prevalent sequelae in infants with microcephaly were neurological changes, primarily NPMD delays. Also worthy of mention is the large number of individuals with visual alterations, speech and hearing disorders, and hypertonia; a high incidence of these disorders has also been described in the literature 2, 18 . Central nervous system imaging permits differentiation between microcephaly due to CZVS and microcephaly resulting from other aetiologies 19 . The most frequent changes observed in this study were intracranial calcifications, enlargement of the choroid plexus, ventriculomegaly, and hydrocephalus, corroborating the results reported by Cavalheiro et al. 20 Those authors evaluated computed tomography and magnetic resonance images of 13 newborns with microcephaly and found similar results.
Cavalcanti stated that children with microcephaly resulting from a congenital syndrome Dentition in microcephaly in Northeast Brazil 529 due to Zika virus present with oral characteristics such as the alteration of muscle tone, which changes suction, deglutition, and lip seal and contributes to mouth breathing, dysphagia, possible delays, and changes in the eruption sequence of the primary teeth, and enamel hypoplasia 21 . Likewise, the children with microcephaly in the current study showed alterations in the chronology and sequence of eruption of the primary teeth, dental shape anomalies, enamel defects, cleft lip and palate, bruxism, and self-injury lesions at frequencies higher than those found in the NMG.
Delayed tooth eruption was the most prevalent oral feature in the study population. As a reference standard for the chronology of primary tooth eruption in this study, the table drafted by Logan and Kronfeld (1933) and modified by Lunt and Law 12 was used since it presents adaptations that are accepted worldwide. It also proposes a range of variation in the age of eruption of each dental element group, thereby creating a more realistic image than a table composed of fixed values 12 . In studies of the chronology and sequence of primary tooth eruption, it is important to consider genetic and environmental variables such as the time of introduction of semisolid or solid foods, breastfeeding practices, nutritional status, socioeconomic status, and geographic region and ethnicity since these factors may influence the overall time of primary tooth eruption and consequently the child's masticatory pattern. This pattern will influence the growth of the maxillomandibular complex and may result in changes in dental and oral growth 22 . Despite the presence of dysphagia/reflux/ immaturity with regard to the functions of sucking and swallowing, most of the children in this study remained within an appropriate weight range. Thus, these variables cannot be considered part of the cause-effect relationship with respect to the chronology of eruption.
Dental eruption in the human infant is related to its somatic growth. Therefore, deviations from normality in eruption can signal changes in the growth and development of the rest of the body 23 . The observed delay in the eruption of primary teeth in children with microcephaly was closely related to their delays in NPMD. Another aspect observed in the studied children involved the defects present in the enamel, implying the need for rigorous dental monitoring. According to Hoffmann et al. 24 enamel with abnormal ultrastructure displays enhanced susceptibility to demineralization. Therefore, individuals with enamel defects present a higher risk of dental caries in both primary and permanent teeth. Thus, stricter measures are required in the care of these individuals, such as greater caution in the performance of oral hygiene and more frequent topical fluoride applications. Depending on the presence of functional and aesthetic impairments, such cases may also require the restoration of the affected elements.
Another oral characteristic found in the MG was the presence of bruxism (20.3%). According to Ortega et al.
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, parafunctional habits such as bruxism are often present in individuals with special needs. It is known that neurological disorders are important risk factors for its development. The relationship between this habit and evident neurological damage cannot be ruled out in individuals with microcephaly. It should also be noted that as a consequence of this parafunctional habit, alterations in craniofacial growth, temporomandibular joint (TMJ) damage, muscle, periodontium, and occlusion may occur.
In 16.7% of the children examined, the practice of self-injury was observed, resulting in trauma to the lips, tongue or hands. According to Santos et al.
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, self-injury lesions have been described as arising from myotonic activity of the masticatory muscles or disorders of mandibular movements resulting from spasticity, also affecting the tongue, in patients with neurological damage and in individuals in coma and those with insensitivity to pain.
From the foregoing, it can be inferred that children with microcephaly will require specific outpatient dental care. The provision of such care may be complicated due to the presence of neurological impairment, the possibility of seizures during procedures, hypertonia, which can lead to limitation of mouth 530 R. M. P. Siqueira, M. T. B. R. Santos & G. M. P. Cabral opening, and dysphagia, with the need to use powerful suction due to the risk of bronchoaspiration. Cardiac alterations should be considered, and cardiac evaluation and prophylactic antibiotic therapy are essential. This study provides important information on the possible complications of individuals affected by microcephaly, a population that has grown significantly both nationally and internationally in a short period of time. It aims to assist health teams in providing early care to such patients by providing a theoretical basis that as well as by guiding clinical practices and reducing the risk of future problems. The limitation of this study includes its use of convenience sampling.
The results of this study imply that children with microcephaly presented with greater delays in the chronology of eruption, greater alterations in the sequence of eruption, and greater enamel defects in the primary teeth than children without microcephaly.
Why this paper is important to paediatric dentists • Alterations in the chronology and sequence of eruption of the primary teeth can negatively interfere with masticatory patterns and facial growth, favouring the development of a malocclusion.
• The presence of enamel defects increases the risk of dental caries and requires early prevention/rehabilitation interventions.
• Children with microcephaly will require specific care during outpatient dental care due to possible systemic impairment associated.
